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1. Light Higgs searches at BABAR
According to the most accepted theories, the fundamental particles acquire mass through the
Higgs mechanism [1], which requires the existence of at least one scalar state called the Higgs
boson. In the standard model (SM) of particle physics [2] there is only a single Higgs boson, and
present experimental evidence by the ATLAS and CMS collaborations at LHC suggest a Higgs-
like particle with a mass around 126 GeV/c2 [3]. The Minimal Super-Symmetric SM (MSSM)
solves the hierarchy problem of the SM by extending the Higgs sector, the masses of the Higgs
bosons depending on a parameter µ [4]. The MSSM fails to explain why the value of the µ is of
the order of the electroweak scale, many order of magnitude below the natural Plank scale. The
next-to-minimal super-symmetry SM (NMSSM) [5] solves this so-called "naturalness problem" by
adding a singlet chiral super-field to the MSSM. As a result the NMSSM contains two charged
Higgs bosons, three neutral CP-even bosons, and two CP-odd bosons. The lightest CP-odd state,
A0, could have a mass smaller that twice the b-quark [5], escaping detection at LEP, but making it
detectable via ϒ (nS)→ γA0 decays at the B-factories (BABAR and Belle) [6]. The branching fraction
of ϒ (nS)→ γA0 could be as large as 10−4 depending of the values of the couplings [5]. All this
makes the B-factories experimental environment an ideal place to search for light Higgs bosons.
The expected width of this A0 is expected to be smaller than the current experimental resolution on
its mass, so its width is always neglected in the searches performed up to date.
Previous BABAR searches for A0 production in several final states have given null results, in-
cluding ϒ (2S,3S)→ γA0(→ µ+µ−, τ+τ−) and ϒ (1S)→ γA0(→ invisible) [7]. Similar searches
have been done by CLEO in the di-µ and di-τ with ϒ (1S)→ γA0 decays [8], and more recently by
BESIII in J/ψ → γA0(→ µ+µ−) [9], and by CMS in pp→ A0(→ µ+µ−) [10].
Two datasets of the BABAR experiment can be used to search for the A0 in the radiative decays
ϒ (nS)→ γA0 of the narrow ϒ (nS) resonances, with integrated luminosities of 27.9 fb−1 at the
centre-of-mass (CM) energy of the ϒ (3S) and 13.6 fb−1 at the ϒ (2S), they contain N3S = (121.3±
1.2)×106 ϒ (3S) and N2S = (98.3±0.9)×106 ϒ (2S) mesons, respectively.
1.1 Searches for ϒ (2S,3S)→ γA0(→ hadrons)
The searches of A0 use hadronic events in which the full event energy is reconstructed. In
the events with at least two charged tracks, the highest energy photon is assumed to be the photon
from the radiative ϒ (nS) decay. The A0 is reconstructed by adding the 4-momenta of the remaining
particles, including K0S → pi+pi−, K±, pi±, pi0 → γγ , and any unused photon. The radiative photon
energy must be greater than 2.5 GeV (ϒ (3S)) or 2.2 GeV (ϒ (2S)). The A0 mass resolution is
improved by constraining the radiative photon and the A0 decay products to come from the same
vertex and the total 4-momentum to be that of the CM system.
Two parallel analysis are performed: one in which no assumption is made about the CP na-
ture of the A0, "CP-all"; and one in which the A0 is assumed to be CP-odd (A0 → pi+pi−,K+K−
are excluded). The analysis selects 371740 (171136) events for CP-all (CP-odd) in the combined
ϒ (2S,3S) dataset, with 0.29 < mA0 < 7.1 GeV/c2. The left hand plots of figure 1 show the distri-
butions of the reconstructed A0 mass; a signal would appear as a narrow peak in these spectra. The
number of signal events for a particular mass hypothesis of the A0 is estimated as the number of
events within the mass window (a bin in the spectrum) minus the number of background events.
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Since the A0 is narrow, the mass window is chosen according to the A0 mass resolution, which
varies from 3 to 26 MeV/c2 as mA0 increases from 0.29 to 7 GeV/c2. The background events are
estimated from continuum ϒ (nS) events (continuum sample), i.e. off-peak ϒ (2S,3S,4S) data and
on-peak ϒ (4S) data. The dominant background is due to e+e− → qq¯ (continuum), and consists
mostly of initial-state radiation (ISR) production of light mesons and non-resonant hadrons.
criteria is negligible, so events recorded at the c.m.
energy can be used in the continuum sample.
The number of background events is obtained from a fit
to the data that contains three components: continuum,
nonresonant nS radiative decay, and resonant nS
radiative decay. The continuum component is the candidate
mass spectrum of the continuum data set multiplied by a
normalization factor ). Because the efficiency
for detecting the ISR photon depends on c.m. energy, is
not simply the ratio of integrated luminosities. It is left as a
free parameter in the nominal fit but, as described below, is
fixed to a calculated value for systematic studies. The
nonresonant nS component is a 16-knot cubic spline,
fixed to 0 at the minimum mass. The resonant compo-
nent includes five relativistic Breit-Wigner functions to
represent the resonances for which CLEO saw some evi-
dence in the study of Þ ! 'h or ) [18]:
980 1270 1525 1710 , and 2050 . The
masses and widths are fixed [17], and possible interference
between the resonances is neglected in the fit. These reso-
nances are all broad compared to an signal. The spacing
of the knots, typically 5 GeV=c , is large enough that the
cubic spline cannot conform to a narrow resonance.
The background fit (Fig. ) has 21 free parameters and is
made to 1362 bins of width 5 MeV=c , ranging from 0.29
to 1 GeV=c . The fit are 1268 (CP-all) and 1293
CP-odd) for 1341 degrees of freedom. Subtracting the
normalized continuum mass spectrum from both the data
and the fit gives the nS decay spectrum and the non-
resonant and resonant radiative decay components of the
fit (Fig. ).
The uncertainty on the background in each mass window
is both statistical and systematic. The systematic error is
the sum in quadrature of the change in the total background
arising from each of 17 alternative fits: the five nominal
light resonances are removed one at a time, and 11 addi-
tional resonances are included one at a time. The 11 are
established resonances [17] with even total angular mo-
mentum, charge conjugation quantum number of , and
isospin 0. The 17th alternative fit is performed with
fixed to the midpoint of the range of values found from four
different methods of determining it. Two of the methods
are the nominal fits to the CP-odd and CP-all samples, and
two use ISR-produced narrow resonances in four different
final states: '! '2
'J= J= !( charged tracks,
with no ; and 'J= J= !( charged
tracks, with one . First, the number of each of these
resonances is compared in on-peak and continuum data.
Second, the same ratios are obtained using simulated
samples of these ISR events, together with the calculated
production cross sections [19] and the recorded luminosi-
ties. The resulting value of is 5% larger than nominal
for CP-all and 7% for CP-odd. The fit qualities are good
in all alternative fits. The systematic errors are small
compared to statistical errors, except near resonances.
The signal is evaluated at hypothesis masses that
range from 291GeV=c to 000 GeV=c in 1 MeV=c
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FIG. 2 (color online). candidate mass spectrum after con-
tinuum subtraction, overlaid with fit. (a) CP-all analysis;
(b) CP-odd analysis.
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FIG. 1 (color online). Candidate mass spectrum in the
(a) CP-all and (b) CP-odd analyses. The top curve in each
plot is the on-peak data overlaid (in red) with the background
fit described in the text, while the bottom curve (blue) is the
scaled continuum data. The prominent initial-state radiation
resonances are labeled.
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masses, while, for the CP-odd analysis, it ranges from 12%
near 9 GeV=c to less than 1% at high masses.
The uncertainty on the efficiency is typically 11%
CP-all) or 7% CP-odd) below the threshold and
25% above. This includes contributions from uncertainty
in tracking ( 5% depending on mass), photon and
reconstruction ( 10%), and particle identification
5%), but the dominant contribution is due to the
decay branching fractions. This uncertainty is evaluated by
varying the assumed branching fractions. Below the
threshold, it is changed from 50% and 50% gg to
100% gg. Above the threshold, it is changed from
one-third each gg , and to 50% 25% gg, and
25% . The resulting systematic errors are 8% for CP-all
or 4% for CP-odd below the threshold and 21% above.
The resulting 90% C.L. upper limits are shown in Fig.
In conclusion, we have searched for hadronic final
states of a light Higgs boson produced in radiative decays
of the or and find no evidence of a signal.
Upper limits on the product branching fraction
nSÞ ! ,A hadrons range from 10
at 3 GeV=c to 10 at 7 GeV=c at the 90% C.L.
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FIG. 5 (color online). 90% C.L. upper limits on product
branching fractions (BF) (left axis) Þ ! ,A
hadrons and (right axis) Þ ! ,A hadrons
for (a) CP-all analysis and (b) CP-odd analysis. The overlaid
curves (red online) are the limits expected from simulated experi-
ments, while the light gray curves (blue online) are the limits from
statistical errors only. The limits do not include the phase
space factor, which is at most a 5% correction.
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Figure 1: Left: Candidate mass spectrum in the (a) CP-all and (b) CP-od analyses. Black dots are
on-peak data, blue dots are off-peak scaled data and the red curve is the background fit. The prominent
initial-state radiation resonances are labeled. Right: 90% C.L. upper limits on the product of B(ϒ (3S)→
γA0)B(A0 → hadrons) (left axis) and B(ϒ (3S)→ γA0)B(A0 → hadrons) (right axis), for (a) CP-all and (b)
CP-odd analysis.
The numb r of ba kground ev nts is obt ined from a fit to the data sample aggregating the
properly scaled datasets just mentioned. The A0 signal is evaluated at masses from 0.291 to
7.000 GeV/c2 (0.300 to 7.000 GeV/c2) in 1 MeV/c2 steps for the CP-all (CP-odd) analysis. The
largest upwards fluctuations are 2.8σ (2.2σ ) at 3.107 GeV/c2 (0.772 GeV/c2) for CP-all (CP-odd)
analysis, meaning that no evidence of a signal is found. Therefore, upper limits on the product
of branchi g fractions B(ϒ (nS)→ γA0)B(A0 → hadrons) (right hand plot of figure 1) are deriv d,
ranging from 1×10−6 at 0.3 GeV/c2 to 8×10−5 at 7 GeV/c2 at t 90% C.L [11].
1.2 Searches for ϒ (1S)→ γA0(→ µ+µ−)
These searches look for a di-muon resonance in the fully reconstructed decay chains ϒ (2S,3S)→
pi+pi−ϒ (1S)(→ γA0), A0 → µ+µ−. Events re selected which contain exactly four charged tracks
and a single photon with CM energy arger than 200 MeV. All the tracks must be consistent
with originating from the collision point, and at lea one must be id ntified as a muon. The two
tracks with the highest momenta are assumed to be muons and are constrained to originate from
a common A0 vertex. The ϒ (1S) candidate is reconstructed by combining the A0 candidate and
the photon. Finally, the ϒ (2S,3S) are formed with the ϒ (1S) candidate with the two remaining
opposite charged tracks, assumed to be pions. The resolution in the di-muon mass is improved by
performing a kinematical fit of the full decay chain, where the ϒ (2S,3S) vertex is constrained to
the collision point, mass constraints of the ϒ (2S,3S) and ϒ (1S) candidates are enforced, as well as
the requirement that the ϒ (2S,3S) energy be consistent with the e+e− CM energy.
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A total of 11136 ϒ (2S) (3857 ϒ (3S)) candidates are selected. A resonant peak from the A0 de-
cay is expected in the di-muon reduced mass spectrum (mred =
√
m2µ+µ−−4m2µ). The distribution
of mred for the selected candidates is shown on the left hand plots of figure 2. The main back-
grounds are dominated by non-resonant di-muon decays. The signal yield is extracted as a function
of mA0 in the region 0.212 ≤ mA0 ≤ 9.20 GeV/c2 by performing a series of one-dimensional ex-
tended maximum likelihood fits to the mred distribution. The A0 signal is searched in steps of half
the mred resolution, resulting in a total of 4585 points. The largest upward fluctuations are found to
be 3.62σ (2.97σ ) at mA0 = 7.87 GeV/c2 (3.78 GeV/c2) for ϒ (2S) (ϒ (3S)) dataset. The probabil-
ities to observe such fluctuation are estimated to be 18.1% (66.2%). Therefore, the distribution of
the signal significance is compatible with the null hypothesis.
CM energy and CM!! is the CM energy of the di-pion
system. For signal-like events, the recoil distribution peaks
at the mass of the , with a mass resolution of about
3 MeV=c . The RF output peaks at 1 for signal-like
candidates and peaks at 0 for the backgroundlike candi-
dates. The optimum value of the RF selection is chosen to
maximize Punzi’s figure of merit, &=
ffiffiffiffi
24],
where is the number of standard deviations
desired from the result, and and are the average
efficiency and background yield over a broad range
212 20 GeV=c ), respectively.
A total of 11,136 and 3,857 candidates are
selected by these criteria. Figures and show the
distributions of the recoil and di-muon reduced mass,
red
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
, together with the background
prediction estimated from the MC samples, which are
dominated by the nonresonant di-muon decays. The
reduced mass is equal to twice the momentum of the di-
muon system in the rest frame of the , and has a smooth
distribution in the region of the kinematic threshold
red ). After unblinding the data,
two peaking components corresponding to and J=
mesons are observed in the data set. The mesons
are mainly produced in initial state radiation (ISR) events,
along with two or more pions. This peak disappears if we
require both candidates to be identified as muons in the
reconstruction. The J= mesons arise from
ISR Þ ! J= J= decays.
The J= and events in the data set are sup-
pressed since the di-pion mass distribution in these events
is above the kinematic edge of the di-pion mass distribu-
tion of decays, but well within the range of values
allowed for the decays.
We extract the signal yield as a function of in the
region 212 20 GeV=c by performing a
series of one-dimensional unbinned extended maximum
likelihood (ML) fits to the red distribution. We fit
over fixed intervals in the low mass region: 002
red 85 GeV=c for 212 50 GeV=c
red 6 GeV=c for 50<m 36 GeV=c
and 25 red 3 GeV=c for 36
10 GeV=c . Above this range, we use sliding intervals
2 GeV=c < mred <, 15 GeV=c , where is
the mean of the reduced mass distribution.
The probability density function (PDF) of the signal
is described by a sum of two Crystal Ball functions [25].
The signal PDF is determined as a function of
using signal MC samples generated at 26 different masses,
and by interpolating the PDF parameters between each
mass point. The resolution of the red distribution for
signal MC increases monotonically with from 2 to
9 MeV=c , while the signal efficiency decreases from
38.3% (40.4%) to 31.7% (31.6%) for
transitions. The background for 5 GeV=c is
described by a threshold function
redÞ/ ½Erf red ÞÞþ +þexp red (1)
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FIG. 1 (color online). The distribution of recoil for (a) the
and (b) the data sets, together with the background
predictions from the MC samples, which are dominated by the
nonresonant di-muon decays. The MC samples are normalized to
the data luminosity.
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FIG. 2 (color online). The distribution of red for (a) the
and (b) the data sets, together with the background
predictions from the various MC samples. The MC samples
are normalized to the data luminosity. Two peaking components
corresponding to the and J= mesons are observed in the
data set. The contribution of J= mesons is not included
in the MC predictions, whereas the meson is poorly modeled
in the MC.
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signal yield. The systematic uncertainty associated with
the fixed parameters of the PDFs is determined by varying
each parameter within its statistical uncertainties while
taking correlations between the parameters into account.
This uncertainty is found to be small for each mass point
and does not scale with the signal yields. We perform a
study of a possible fit bias on the signal yield with a large
number of pseudoexperiments. The biases are consistent
with zero and their average uncertainty is taken as a
systematic uncertainty.
The multiplicative systematic uncertainties arise from the
signal selection and nS counting. They include contribu-
tions from the RF classifier selection, particle identification,
photon selection, tracking and the S; constrained fit.
The uncertainty associated with the RF classifier is studied
using the nonresonant di-muon decays in both data and MC.
We apply the RF selection to these control samples to
calculate the relative difference in efficiency between data
and MC. The systematic uncertainty related to the photon
selection is measured using an $$ sample in
which ne f the photon converts into an pair in
the detector material [ ]. Th uncertainties on t e branch-
ing fractions S; Þ ! are 2.2% and
2.3% for the and data sets [27], respectively.
We find no significant signal and set 90% confidence
level (C.L.) Bayesian upper limits on the product of
branching fractions of Þ!$A Þ%
in the range of 212 20 GeV=c . Figure
s ows the branching fraction upper limits at 90% C.L.
which are determined with flat priors. The systematic
uncertainty is included by convolving the likelihood with
a Gaussian distribution having a width equal to the system-
atic uncertainties described above. The combined result is
btained by simply adding the logarithms of the S;
likelihoods. The limits range between 37 97Þ%10
for the data set, 13 24 Þ % 10 for the
data set, and 28 Þ % 10 for the combined
S; data set.
T branching fractions of nSÞ!$A , 2, 3)
are related to the effective Yukawa coupling ( ) of the
quark to the through [ 28 29
nSÞ ! $A
nSÞ ! %/
nS
(2)
where or and is the fine structure constant.
The value of incorporates the QCD and relativistic
corrections to nSÞ ! $A 29], as well as the lep-
tonic width of nSÞ ! 30]. These corrections are
as large as 30% to first order in the strong coupling
constant ( ), but have comparable uncertainties [31].
The 90% C.L. upper limits on for
TABLE II. Multiplicative systematic uncertainties and their
sources.
Source (%) (%)
Muon-ID 4.30 4.25
Charged tracks 3.73 3.50
nSÞ ! ÞÞ 2.20 2.30
RF classifier 2.21 2.16
Photon efficiency 1.96 1.96
nS kinematic fit 1.52 2.96
nS 0.86 0.86
Total 7.00 7.32
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FIG. 5 (color online). The 90% C.L. upper limits (UL) on the
product of branching fractions Þ ! $A Þ %
for (a) the data set, (b) the data set and
(c) the combined S; data set; (d) the 90% C.L. UL on
the effective Yukawa coupling , together
with our previous BABAR measurement of S; Þ ! $A
], and (e) the combined limit. The shaded area
shows the region of the J= resonance, excluded from the
search in the data set. Details of the UL and Yukawa
coupling as a function of are provided in Ref. [32].
TABLE I. Additive systematic uncertainties and their sources.
Source (events) (events)
sig PDF (0.00–0.62) (0.04–0.58)
Fit bias 0.22 0.17
Total (0.22–0.66) (0.17–0.60)
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Figure 2: Left: mred distribution for ( ) ϒ (2S) and (b) ϒ (3S) datasets. Peaking background components
can be seen for ϒ (3S) data. Right: 90% upper limits on the product of branching fractions B(ϒ (1S)→
γA0)B(A0 → µ+µ−) fo (a) ϒ (2S), (b) ϒ (3S) a d (c) combined ϒ (2S,3S) datasets; (d) 90% upper limit on
f 2ϒ ×B(A0 → µ+µ−) (blue curve), together with previous BABAR measurements (magenta curve), and (e)
combined limit.
We find no significant s gnal and set 90% C.L. Bayesian upper limits on the product of branch-
ing fractions B(ϒ (1S)→ γA0)B(A0 → µ+µ−) n the range of 0.212 ≤ mA0 ≤ 9.20 GeV/c2 (right
hand plot of figure 2). The limits range between (0.37− 8.97)× 10−6 for ϒ (2S) data, (1.13−
24.2)× 10−6 for ϒ (3S) data and (0.28− 9.7)× 10−6 for the c mbined ϒ (2S,3S) datasets [12].
By using the relation B(ϒ (nS)→ γA0)/B(ϒ (nS)→ ℓ+ℓ−) = ( f 2ϒ /2piαe)(1−m2A0/m2ϒ (nS)), where,
n = 1,2,3, ℓ= e,µ , αe is the fine struc ure constant and fϒ the effective Yukawa coupling [12] of
the b-quark to A0, we set 90% upper limits on the product f 2ϒ ×B(A0 → µ+µ−) using the results
from the combined ϒ (2S,3S) datasets. The upper limit ranges from 0.54× 10−6 to 3.0× 10−4
depending upon the A0 mass. Combining th pr sent results with the previous BABAR results [7] on
ϒ (2S,3S)→ γA0 we obtain a 90% upper limit on f 2ϒ ×B(A0 → µ+µ−) in the range (0.29−40)×
10−6 for mA0 ≤ 9.2 GeV/c2 (right hand plot of figure 2).
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1.3 Searches for ϒ (1S)→ γA0(→ τ+τ−)
For this search, the ϒ (2S)→ pi+pi−ϒ (1S) transition is used. A signal candidate consist of
a photon plus four charged tracks, two associated with the pions of the transition between ϒ (2S)
and ϒ (1S) and two from one-prong decays of each τ-lepton (τ+ → e+ ¯νeντ ,µ+ ¯νµντ , pi+ντ ). We
require that at least one τ decays leptonically, and examine five combinations of daughters: ee,
eµ , piµ , µµ , µpi . The masses of the ϒ (1S) and A0 candidates are calculated from the m2recoil =
M2ϒ (2S,3S)+m
2
pipi − 2Mϒ (2S,3S)ECMpipi and m2X = (Pe+e− −Ppipi −Pγ)2 kinematic variables, where the P
are the four-momenta of the indicated system. )2 (GeV2Xm
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In summary, we find no evidence for the radiative de-
cays (1 γA in which decays into a pair of tau
leptons, and we set 90% C.L. upper limits on the prod-
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Figure 3: Left: Fi to m2X distribution for th mA0 point that return the largest upward fluctuation (see text).
Right: 90% C.L. upper limits for g2b×B(A0 → τ+τ−). Shown are the present results (dashed green), the
previous BABAR results from ϒ (3S) radiative decays (dotted blue), the combination (red); and results from
CLEO experiment (dashed magenta).
A res nant peak from the A0 d cay would manifest in the m2X spectrum. We xtract the sig-
nal yields as a function of the mA0 in the interval 3.6 ≤ mA0 ≤ 9.2 GeV/c2 by performing a se-
ries of maximum-likelihood fits to m2X . The fit model contains contributions from signal, which
is expected to peak near the light Higgs mass squared, and a smooth background function, aris-
ing from continuum and radiative leptonic ϒ (1S) backgroun s. We search for the A0 in vary-
ing mass steps that correspond to approximately half of the expected resolution on mA0 . A total
of 201 mass points are sampled. The most significant upward fluctuations occurs with 2.7σ at
mA0 = 6.36 GeV/c2 (left hand plot of figure 3). Estimations reveal that such fluctuations are ex-
pected with a robability of 7.5%, therefore, we con lude that no s gnificant A0 signal is found
and set Bayesian 90% C.L. upper limits on the product B(ϒ (1S) → γA0)B(A0 → τ+τ−), com-
puted with a uniform prior. The limits range between (0.9−13.0)×10−5 [13]. Using the relation
B(ϒ (nS)→ γA0)/B(ϒ (nS)→ ℓ+ℓ−) = (g2bGFm2b/
√
2piαe)FQCD(1−m2A0/m2ϒ (nS)), where g2b is the
Yukawa coupling of the b-quark to the A0, GF the Fermi constant, and FQCD includes QCD cor-
rections [13]; we can set a constrain on the product g2b×B(A0 → τ+τ−), and combine the present
results with previous BABAR measurements on B(ϒ (3S)→ γA0)×B(A0→ τ+τ−) [7]. We set a 90%
C.L. upper limits on the product g2b×B(A0 → τ+τ−) in the range 0.09−1.9 for mA0 ≤ 9.2 GeV/c2
(right hand plot of figure 3). Our limits place significant constraints on NMSSM parameter space.
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2. Dark Higgs and dark photon searches at BABAR
There is overwhelming evidence for dark matter from terrestrial and satellite astrophysical
observations, but its precise nature and origin remain unknown. To try to explain this observational
evidence many models [14] introduce a new hidden dark sector under which WIMP-like dark
matter particles are charged. In these models, the WIMP-like particle can annihilate into pairs of
dark bosons, which subsequently annihilate into leptons (protons are kinematically forbidden). In
one of these models [14] there is a new dark sector that couples to the SM particles with a dark
photon, A′, through a small kinetic term. Astrophysical data constrains the A′ mass to be a few
GeV. The A′ acquire its mass via the Higgs mechanism, adding a dark Higgs, h′, to the theory. The
mass hierarchy is not constrained, and the h′ could be light as well. The high collision rate and the
relatively clean experimental environment of B-factories is an ideal place to probe for MeV−GeV
dark matter, complementing the searches performed at LHC.
2.1 Searches for e+e−→ A′h′(→ A′A′); with A′→ e+e−, µ+µ−, pi+pi−
We search for dark Higgs and dark photons via Higgsstrahlung production e+e− → A′∗ →
A′h′(→ A′A′) [15]. This interaction is very interesting because it is singly suppressed by the mix-
ing strength between the SM and the dark sector, ε . If observed, it could provide an unambiguous
signature of NP. The event topology depends on the A′ and h′ masses. This measurement is per-
formed in the range 0.8 < mh′ < 10.0 GeV/c3 and 0.25 < mA′ < 3.0 GeV/c3 with the constrain
mh′ > 2mA′ . The data sample used consists of 521 fb−1 collected mainly at the ϒ (4S) peak, but also
includes data collected at the ϒ (2S) and ϒ (3S) peaks, as well as off-peak data.
extrapolated value to the nearest known point. This un-
certainty increases from 1% to 8% in some corners of the
phase-space. The uncertainty on the branching fractions
ranges from a few per mille to 4%. The uncertainty due to
the modeling of hadron decays in inclusive modes is
estimated by comparing different fragmentation models.
This systematic is found to be 4% reflecting the limited
sensitivity of the selection procedure to the hadronic sys-
tem produced by the dark photon decay. The uncertainty
due to PID algorithms varies between 1.5% and 4.5%,
assessed using high-purity samples of leptons and pions.
Additional uncertainties include the determination of the
track reconstruction efficiency (1.2%), luminosity (0.6%),
and the limited Monte Carlo statistics (0 5% 4%).
The limits on the , h cross sec-
tion are finally translated into 90% CL upper limits on
the product , where and is the
dark sector gauge coupling [7]. The results are displayed
in Fig. 4 as a function of the dark photon (Higgs) mass for
selected values of the dark Higgs boson (photon) mass.
Values down to 10 10 10 are excluded for a large
range of dark photon and dark Higgs masses. These re-
sults assume prompt dark Higgs boson and dark photon
decays.
In conclusion, a search for dark Higgs boson production
has been performed in the range 0 25 < m 3GeV
and 0 < m 10GeV for . No signal
has been observed and upper limits on the product of
the mixing angle and the dark coupling constant in the
case of a hidden sector with an Abelian Higgs boson have
been set at the level of 10 10 10 . Assuming
these measurements translate into limits on the mixing
strength in the range 10 10 , an order of magnitude
smaller than the current bounds.
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Figure 4: 90% C.L. upper limits on αDε2 (see text). Left: limits as a function f A′ for selected values of
mh′ ; Right: limits as a function of mh′ for selected values of mA′ .
The process e+e−→A′∗→A′h′(→A′A′) is either fully reconstructed in 3(ℓ+ℓ−), 2(ℓ+ℓ−)pi+pi−
an ℓ+ℓ−2(pi+pi−) (ℓ= e,µ); or partially reconstructed in 2(µ+µ−)+X and (µ+µ−)(e+e−)+X ,
where X denotes any final state other than a pair of leptons or pions. A total of s x events where
selected: one 4µ2pi , two 2µ4pi , wo 2e4pi and one 4µ +X . No candidate with six leptons survives
the selection. The selected events are very likely to come from ρ → pi+pi− or ω → pi+pi− decays
near mA′ ∼ 0.7−0.8 GeV/c2, and it is concluded that no significant signal is observed.
Using a Bayesian method, upper limits on the e+e−→ A′∗→ A′h′(→ A′A′) cross-section are
obtained as a function of mh′ and mA′ . These limits can b translated into 90% upper limit on the
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coupling αDε2 (see figure 4), where αD = g2D/4pi , with gD the dark sector gauge coupling. Values
as low as 10−10 − 10−8 are excluded for a large range of mA′ and mh′ , assuming prompt decay.
Under the assumption that αD ≈ αe, the current measurement can also be translated into limits
on the mixing strength ε which range 10−4 − 10−3, an order of magnitude smaller that current
experimental bounds from direct photon production in this mass range.
3. Conclusion
We performed several searches for evidence of dark sector candidates and CP-odd light Higgs
in the ϒ (2S,3S,4S) BABAR data sample. The data show no evidence of such signals but enable to
improve the limits within the parameter space of various NP models.
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